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Ncurcgulins (also called ARIA 1 , GGF% hercgulin J or NDF'j arc a 
^roup of polypeptide factors that arise from alternative RN r A 
splicing of a single gene. Through their interaction with the 
ErbH family of receptors (ErbB2, ErbB3 and ErbB4), neurcgulijns 
help to regulate cell growth and differentiation in miiny tissues 3- '. 
Here wc report the cloning of a second ncurcgulin-likc *;cnc. 
neureguIin-2. The encoded product of the ncuregulin-2 gene has a 
motif structure similar to that (.if ncuregulin s and an alternative 
splicing site in the epidermal growth factor(EGF)-likc domain 
vWes rise to two isofonms (ex and (i). Northern blot and in situ 
vbridization analysis of adult rat tissues indicate that expression 
i neurcvrulin-2 is highest in die cerebellum, and (he expression 
pattern is different from that of neuregulins. Recombinant ncur- 
cgulin-23 induces the tyrosine-phosphorylation of ErbB2, CrhRJ 
and ErbB4 in cell lines expressing all of these ErbB-family 
receptors. However, in cell lines with denned combination* of 
ErbBs. neureguUn-2)i only activates those with F.rbB3 and/or 
ErbB4, suggesting that signalling by neuregulin-2 is mediated 
by ErbB3 and/or ErbB4 receptors. 

F.rhl32. ErbH3 and ErbB-l*-^ arc members <•( a subfamily of 
yeptor tyrosine kinases (hot also includes the I'C.F receptor 
-.GFR). Signalling through ErbB hmilv receptors is important 
*'- r regulating cell proliferation and differentiation in many tis- 
sues'" , and deregulation uf these signalling pathways is implicated 
in a variety of cancers". Although it has been demonstrated that 
peuregulins can activate ErbB2/3/4 receptors through direct or 
indirect interaction" '\ additional ligands for ErbB-family recep- 
tors may exist'*- 1 ". VV C used a polymerase chain reaction (PCR) 
babed strategy to search for neurcgulin-relaicd sequences in an aduli 
-nr /*c rebel In m complementary DMA library and have identified ;t 
n,-w neuregulin-like gene 17 , ncureguIin-2. 

figure 1 shows the deduced arnino-acid sequence of n eu regit lin- 
2(3, derived from a composite of two overlapping cDNA clones. This 
composite conrains an open reading frame (ORP) encoding a 754- 
amino-acid protein. Sequence analysis revealed four structural 
motifs: a putative signal sequence, a C2-type immunoglobulin- 
likc (Ig-like) domain 1 *, an EGF-like domain (residues 252-297) 
w ith its six characteristic cysteines' 1 , and a putative transmembrane 
domain (which separates the whole sequence into a 315-rcsidue 
extracellular domain and a 414-rcudue cytoplasmic domain). 
Another neuregulin-2 cDNA clone* with an extra 77-bnsc-nair 
exon inserted between (he fourth and fifth cysteine residues 
°J the EGF-like domain, encodes an alternatively spliced variant of 
^urcgulin-2 with a different EGF-like domain (see Supplementary 
Information). This neurcgulin-2 isoform also lacks a transmem- 
brane domain, because the insertion of the extra exon causes a 
faiticshirt it\ the downstream sequence and the termination of the 
OKF 33 amino acids downstream of the EGF-like domain. Neur- 
! c Kulm-2 molecule* having two variant EGl : -like domains arc termed 
n "-"iiregulin-2ft and neuregulin^p, respectively. The ncuregulin 
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gene also has a similar alternative splicing site that gives rise to 
the ct- and 0-subtypes of neurcgulins^, although neuregulin-2u 
and ncuregulin-2(5 arc about equally distant from neurcgulin-u or 
trom neuregulin-p. Moreover, there is another alternative splicing 
site in the cytoplasmic domain of ncuregulin-2 in other neuregulin- 
2 cDMA clones (data not shown), corresponding to the a/b/c-tail 
splicing site in the ncuregulin gene* Therefore, ncuregulin-2 and 
neuregulin not only have similar sequences, they also have similar 
i;cnc structures. 

A protein-database search revealed that the neurcgulin-2 proteins 
arc most similar to neuregulins (and to heregulin-pi among the 
isoforms of rhe neuregulins). OvcroJl neuregulin-2(3 shares 45% 
identity with hereyulin-pl (ref. 3) and loVwiih GGFI1 (ref. 2). 
Apart from the N terminus of ncurcgulin-2(3, the similarity bet ween 
ncurcguiin-2(3 and hcrcgulin-pi extends through their entire 
sequence (Vi$. 2). On the other hand, the N terminus of neuregu- 
iin-2fj has significant identity to that of GGRI (43%) (Fig. 2). The 



3 N terminus of GGF2 
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N<?uregulin-2£ 



Heregulin-fi1 

Figure 2 Ttw moiH structure 1 ol mo iiouroyjliiv2p and its similarity to selected 
members of neufCflulinS Ttie pofcentage similarity is calcuteted trom the amino* 
er.irj sequencu alignmorit of r)fiurenuJin-2[}. hcroyutin-rji (human) 3 ono trie M 
terminus ol GGFH (numan) ! Black boxus. yoiential sirjnat scquancos: tg. immu* 
noyicbulin-liitc domains, EGF. EGF-lik* rtomarns: TM. uansm em rrene oornaius. 
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Figuro 1 Deduced amino -acid sequence ol rat neufoyulin-?o Arrowed underline 
marks tno yuiative signal seooenco. The immunogbbuOn-liictidcniain is outlined 
ty a uasneo DOa. Solid iramo surrounao me EGF-lifco riomaim the si/ cysraines 
craraciciisiic of rhis dnm.^in arc indieaie.1 by asterisks Poioniia! A'-gty^osyiauen 
sites are markcrj wi;n orruwheari^. Tnc Outotivc uonsmemor-inc region is 
ur.dftrlined. Am arrow pcinrs \a the ooientiul prcteol>tic oiio. 
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■ most similar region between n«u«gul.n-2P and h eregul n-&l . » the 
' transmembrane domain (91% idcni.ty) and adjacent sequence 
'Hifihly conserved regions also exist .n the cytoplasmic U.U o 
neureiulin-2p and hetcgulin-pl. indicating Hut the cytoplasm., 
domain, «u»y be important biologically. Kelativcty high conservn- 
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cion between neurcgulin cytoplasmic tails from distant vertebrate ! 
Species h» been noted before 1 . As the EGF-like domain of ncur- . . 
egulin * is sufficient for recep tor binding and for stimulating cellular 
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% sponscs'. we compared the hC.r-like domain of neuregulm-2 
molccuUs with other ECF-Uke motifs. Among the known EGF- 
lilce motifs, the EGP-like domain of neuregulin-2 is most similar to 
that of the neuregulins (48% identity between terminal cysteines in 
the case of hereeulin-P 1). Second to neuregulins is the rat epidermal 
growth factor, with 43% identity between terminal cysteines. 

To determine the sue and tissue distribution of ™urcgiilin-2 
mRNAs. northern bloc hybridization with poly(A) _ RNA w« 
carried out using a probe spanning the EGF-I.ke domain plus the 
immunoglobulin-like domain (Fig. 3A). Among the adult rat 
tissues examined, neuregulin-2 transcripts were most abundant in 
neural tissues (brain and spinal cord) and lung. A separate experi- 
ment with total RNA samples shows that the cerebellum has the 
highest concentration of neurcgulin-2 transcripts compared to 
other parts of the brain and other adult tissues (data not shown) 
Three bands were seen in brain samples (Fig. M): a prominent band 
of 3 kilobasK (kb). and two additional bands of 3.8 and 6 kb. On.y 
the 3- and 3.8-kb transcripts were detected in spinal cord and lung 
samples. This pattern of three principal transcripts has also been 
found for the ncuregulin gene, but at the sensitivity of the northern 
blot, the tissue distribution of neure S ulin-2 transcripts m adult rat 
^ms to he more restricted than that of neurcgul.ns ■ . 
' We also characterised ncuregulin-2 expression by in sou hybti- 
Nation with several probes. In adult rat brain sections, the hjghest 
evpre^ion was detected in the cerebellum (in the Purlunje ceU lay.r 
and the granule cell layer) and in the dentate gyrus of the hippo- 
camput (Fig. 38). Labelled cells were also found in the olfactory 
bulb (data not shown). This expression panern seems to oe disl.net 
from that of neuregulins. because no hybridation signal for 
ncTegul.n* is obserted in Purkinje cells and very little in the 
granufe cell layer'. We investigated the expression pattern of 
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Figure 3 Expression of peuregulin-2 transcripts in aduH rat tissues..- A. Nonncrn 
Mot analysis using polyfA)- RNA samples: approximately 2 *g poIy(A)- PNA was 
loaded in each lane. The u.iuc bands detected (3. 3.3. C kb) are indicted. U liver; 
L lun.j M. Akelcui muscle: fi. brain: Sc SDina! cord; B, in situ hybridization ol aduli 
ra. brain oarasngituil suctions with a di^ingenin-labdlcd cPNA probe s?aru«nfl 
the EGF^e and in domains, a. Ncurcnuiin-2 iranscrioi swore detected h Purkinje 
cells (?) end in the granule cell layer (gel) in the cerebellum, but not In the 
molecular cell layer (md); scale bar, 0.4 mm. b. Adjacent section hybriazed witft 
a sense control prohe. c. In ihc hipoocampus. ncureQulin-2 uanscripis were only 
deiccicd in the ccnuwe flyms (DG) but not in the CA1-CA3 area; scale bar, 
0 8 mm. d. Advent uction nyondced witn the sense control p**». 
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figure 4 Recombinant neoregulln-ap protein induces lycasineW^onnWW 

c, eibMmay r*»« inmuan ErbEK end Ert>34. e. N«*j^^ 

tyrosine Pho, P hory.3ticn o. Erh*2, ErbB* and £rbG< in MOA-MB -S3 ano J 

cell line,, b NeumgulMft signoning through ErbB3 and ^ ^^^ 

2, was test«d on ce« lines transited with dehned ErbB-iamHy receptors 0^ V, 

cella with ErbB3 and/or ErbB4 receptors activated 

Erb82; E3. ErbB3. E«. E/bti*. ImmuhODrecipitOllnfl antibodies (IP Ab) . 8 , anu - 

recopior; a ? ., ant,ErbB2: a3. an,-ErbB3, M. * 

heragufin-ftl EGF-»iVc domain; rN2 t rN RG*2fi (EGF-tiVc doma.n of ncoreguim 

2.3): CM. nourcgulin.2n-condirionod medium: - . negotivu control. 
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ncurcgulin-2 during embryogencsis by whole-mount in situ hybri- 
dization with the same probes. We did noi detect any signal in E9.5- 
H10 mouse embryos (data not shown), indicating that none or very 
little neurcgulin-2 is expressed in embryos at those developmental 
stages. Therefore neuroregulin-2 is unlikely to be the 'missing 
ligand' for ErbB4 receptors' 5 . 

The structural similarity between neuregulin-2 and ncuregulins 
uggcsu that the neurcgulin-2 proteins may alio function as ligands 
lor ErbB family receptors. To test this, we expressed a large portion 
of ncuregulin-23 (including all of the extracellular domain and 
part of cytoplasmic domain) in CHO cells. As the sequences around 
the putative proteolysis sites are highly conserved between neur- 
Cijulin-2 and ncuregulins, a soluble form of neureguIin-20 protein 
should be released from its precursors to the culture medium, as in 
the case of ncuregulins 1 * 1 . We treated cells expressing ErbK familv 
receptors (MDA-MB453 and T47I> breast cancer cell line: )'-'• 71 with 
conditioned medium from stably transfecicd CHO cells. As shown 
;i Fig. 4a, ErbB2» ErbB3 and ErbB4 receptors were activated by 
:icurcguiin-23-conditioncd medium. But as ErbB family receptors 
can form ligand-induccd hetcrodimers, the activation of ErbB2/3/4 
receptors could be due to direct or indirect interaction with 
neuregulin-2p. We also expressed the EGF4ikc domain (amino 
acids 240-305; Fig. 1) of neure$u!in-2(3 in bacteria and produced a 
refolded neuregulin-2^ protein fragment frNRG-2p) from inclu- 
sion bodies. rNRG-2[5 can activate ErbD-family receptors in our 
bieasMumour cell lines (data not shown), suggesting that like 
ncuregulins, the HGF-Jike domain k the functional domain for 
..:tivj(ing ErbB-family receptors. 

To determine which of the ErbB family receptors is involved in. 
neuregulin-2P si'snalling, wc tested rNRG-2|} on cell lines expres- 
sing denned combinations of ErbB receptors. Wc did not Victcct 
rNr<G-2[3 activation of EGF receptors in the 1WF3 (EGFR) ccll line 
g or «f ErbB2 receptor in the Fischer rai ?T3 cell line (Piv;, «lb). 
I whereas our positive control, beucclhilin y . simulated these recep- 
tors On the other hand, rNKG-23 stimulated ErbB'l receptor in the 
Ba/F3 (ErbB4) cell line, as well as ErbB2 and ErbB3 receptor; in the 
* i/F3r(ErbB2 + ErbB3) cell line. These results indicate that neur- 
jlin-2(3 signalling results from direct interaction with ErbBj and/ 
t " ErbB4 receptors. 

We have shewn that the neurei;uiin-2 gene, which has structural 
similarity to the neurcgulin gene, encodes new li^ands for the Erbft3 
and F.rbB4 receptors. The distinct expression pattern of neurcgulin- 
2 suggests that these proteins have specific biological functions. It 
will be necessary to compare neurcgulin-2 with neurcgulins and ■ 
other ligandsfor ErbB- family receptors, including the temporal and 
spatial regulation of their expression, in order to understand the 
Unction of this multiligand/multireceptor signalling network.' 

kathode 

Cloning of neuregulln-2 cONAa, TV/u pooh of degenerate oligonucleotides 
wcr,; synthesized ba*cd on two conserved regions of the neurcgnlin sequencer 
un c in || 1C immunoyJobulin.likjrdoniam and the other in the EGF-like domain. 
Phages from an adult rat cerebellum cUNA library (gift from O. Zhao) wore 
«<cd aj templates for PCR.TVo steps were used to reduce ncureuulin sequences 
select neurefculin- related sequences. First, PCR products were digested 
w ith U:l[ and separated by agarose gel electrophoresis, because there is a Hrtl siie 
•n fat neuregulin cDNa\ DNA fragment* of expected sizes were isolated from 
Ih.- ajjarnse gel and reamplified with the tame primers. Final PCR produHs ( . 
v ':'e subcloncd into pUlucScriptll vector (Srrata K cnc). Second, individual"'.', 
clones were hybridized with a ncuregulin probe under low-stringencY cohdi- 
'^ns and positive clones were sequenced. Wc identified one dune, rft, which 
significant homology to neurcgiilins. ,J F-tobelled pro!** from the n9 insci r 
w cre used to screen the. cDNA library (-50U.000 clones) and several positive 
cl *ncs were identified. The insert of each clone was sequenced in both 
directions *»d analysed. 

N «ahcrn blot and In situ hybridation. Puly-fA)* RNA was purified from 
^•'ics by using a Fa*tTr:ck kit (Invitroeen). KNA sample? were scparaied on 

N '*- t/KEI VOL 3d? 1 29 MAY TJ97 

APR 28 2S03 01 : 55 



TO:eei83872051S5 



P:8'15 



letters to nature 



agaroie geb and transferred \* nylon filters by standard procedures. Filters wen* 
hybridized with '*>- labelled prohes under high-simi^ncy conditions. A probe 
was generated by random priming of a fragment e.f neuregulin-2 cDMAn 
spanning the l*CK-liW» plu; the Ig-ldtc domains. The highly Unserved inias- 
menibranc domain and adjacent sequence were excluded. The probe would 
hybridize to both ncurcsulin-2a and ncuregulm-2B transcript, in situ hybri- 
duation was done. e.-w«iiially .is described***. We used a di^oxigen in -Libelled 
cRNA probe spanning the EGF-like pin-; the Ig-like domains. Several other 
probes derived from different part* ofncurcguIin-2 cUNA< (that is. the. EGF- 
liko. domain only, the lgd*m-incnly> also K ave cssontijUy the sa mo hybrid ira- 
tion pattern. 

Expression of recombinant nouregulln-2 proteins. The insert ol'a partial 
ncurcgulin-2(icDN r A clone w.^uibcloncdintii the pllc/CMVcxprc.«ion vector 
(InvitrAgiui) iind stably iran>fccrcd into CI 10 cell;. Scrum -free conditioned 
medium was cn Heeled Negat r e control mcd ( ;« w crc crndnioncd medium from 
CHO cells or from CHO cells fraiufeUcd with an unrolled g:nc. For 
explosion of rN'IlG-rP m £ a,!',, the tGF-like dom.un of ncumfcuiin-Zti 
(re:;idjcs 24Q-305) was subkonrd into pQE32 cvpiession vector with an N 
tcrmiiHn 6 X histidine tag (Oi.^en). Protocols lor sol ubili Hilton and fefolding [ 
of proteins from inclusion bodies wcio essentially a-s dcicrihcrP, except tlui 
refolded proteins were r.o' purified furthc. The linni rMRC.-2[i protein 1 
concentration i* ^SOO^ml" 1 . 

Tyroslne-phoaphorylation assay. MDA-MB 453 and TaTD cells were itarvcd 
in scrum- free medium lor 2-f.h hel«:re addition ot neuregulin 23 cnndiiicned 
medium, negative contiol medium, or hereby iir.-|'> I fe.xirjcetlubr portion. 
20ngml fromS. I, Eurdcn}. After 5-10 n:in .11 room tcm^.-rature. <rdh were 
lned in RIPA buffer (f»0mM fri-i-HO. ;»H 7 5, l.^m.M N.iO. 1S\ Inton X- 
100, 0..S*i sodium deoxvchnhi?, 0.1 ^DS. t niM sodium orthov.inadute. 
50u.|:ml"' aprvlinin. i) 5 m.M F*MSF). immunopfcci^iaicd wirh rabbit anri- 
bodies fSmuu Cru? Pioiechn.-j!nc\-i ipecific tor FrbE: tC.KSJ. ErbU3 <C\7) or 
KrbR'l (CIS). Iiti/nunopriv.ipiutcd protoi/w wcr: : Alleged on proicin A- 
Srphjroti 1 * beads, anahsrd by western blotting ^i:li an anii-pht^phorviOiine 
antibody -KilO (Upiiate R;o^e^:^:no!og;. , ). Anubody himJing was deleted by 
enhanced chemtlumintscrner tAm.-nli.tm Life Science*. 1 he le^'ombinaru Pa/ 
F3 cell lint % s expressing ErbE fjmily receptors have been described, as have 
protocols for srirntilaiing and analysing EibB-familv r«ra*ptor ivrnjinc- 
phosphorylaiion 11 ^-'. ECPR and rrbBJ e.xprcssinn in Fiicliu r.it .'-fa (KIT?) 
was de-vvribed^. Human rccombitun: bctacclluliii (K&Q S*utem.<J umj, used 
200ngmr', Chcmi/allv svnthcsi7ed l:er::;ulin-fj! 65-mer"' "«.js used ai 
VI ngml * Although we can detect the activity of r.VRG-Jfi at a dilution of 
1 :5U.000, it was routinely uwd at a dilution of I : iw to civuirc saturaf^d 
receptor phosphofylaticn. 
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The ncureguliiw (NRG*) arc » fWy of multipotent opidcrmal- 
rrowth-factor-Uke (EGF-likc) factor* Uiat arise from splice vnr- 
i aaK of a single gene. They influence the growth, diffcrcnuauon 
survival undfatc of several cell types. We have now discovered a Set 
of new neurcgulin-like growth factors, which we call ncureguhn-. 
(NRG-2): these arc encoded by theix own gene and exhibit a 
distinct expression panem in adult brain and deye oping ; heart 
Like NRG-I , the EG F-likc domain of die newligands lunds tobotn 
the ErbB3- and ErbE4-recc P tor tyrosine kinases. However. NK<W 
stimulates different ErbB-receptor tyrosine-phosphorylat-on 
profiles from NRG-1. Our results indicate that NRG-1 anrf 
NRG-2 mediate distinct biological processes by acting ai d.tierent 
sites in tissues and eliciting different biochemical response* .n 

""he ncurcgulins (NRG-1) arc a family of polypeptide grown 
factors Ihat are thought to be critical for ihe developing r.eart and 
nervous system, and in the generation and progression of tumours. 
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In the peripheral nervous system, ncuronally derived NRG-1 acts at 
che ncwommcular junction to promote the end-stage d.ncrcntw- 
tion ofmu.de cells'-, ;md in developing nerves to promote the 
proliferation, survival and differentiation of SchwannceU.^ . NRG- 
] k also essential in the developing heart: neurcgulin-dehc.ent mice 
fail to form ventricular trabcculae and die in m.d-gcsut.or,- 
NRG-l may also play a role in oncogenesis « H can _'"d l rcal > . 
activate the £rbB2-rcceptor protein-tyrosine kinase (PTK) whose 
overexpression correlates with a poor prognosis of some cuncer 
patients". The molecular cloning of these bioacuv.ties has regaled 
that NRG-1. separately identified as glial growth tact or* (GCFs). 
acetvlcholine-reccptor-inducng activuy (ARIA), hcreguhns 
Ss , and neu differentiation factor (NOP), arc the al«rna Uvdy 
plieed products of a single gene'-'. NRG-1 binds to ErbD3 and 
FrbB4(;cfsl6-W).nvomembcrsoftheErbBsub t ,m,l y ofre.ept^ 
PTK*. and stimulates the tyrosine phosphorylation of other ErbK 
receptors through receptor hetcrod.merwanon . 

\ve have identified a new NRG-1 -like gene called neutegu in 
(NRG-2). Three distinct complementary DNAs were obtained by 
L-rccnin S an adult moa« brain CDMA librae, with a NRC - 1 pn.be; 
a composite amino-acid sequence is presented in Fig. la. NRO-2 ,s 
distandv related to NKG-1 (-35% identity) but. exhibits a simjiar 
overall domain structure. It includes a single KGr-related motif w,,h 
,h ■ sine spacing between the third and fourth cysteine residues as 
that for EGF ( ; .n ? d relat,d molecules that hind to thr EOl : re«pjo,) 
bu. distinct from NRG-1 (sec Supplememary • Inlormation.. NRW 
carries a single immunoglobulin (luj-iike «hat « 

identical to similar domain, found in a subset of NRC- 1 1 h P 1 « 
variants. The transmembrane segment is highly confer vee Iff j , U. 
bl ,nd. by analogy with NRG-1. cleavage ol the NRG- pre.uw>r 
nuv yield a soluble NRG-2 isoform. 1 he structure of the NRG-2 
cDNA. indicates that alternative ^f»^L?^« ^ 
NRG-1 (rets 12. H) also generates multiple NRG-. Eul -1 U- uo 
form,, .nd-jding a 0 1 -like (done I «A) and an a-l,ke torn, 
The spltcinu alters the carboxy-tcrminal portion of the fcGF-hkc 
Lu( • il« NRG-2 and NRG-1 pi -like forms are particularly highly 
conserved in this region, with 16/28 identical residues. 

To identify si.es of NRG-2 expresston we analysed, ty ""™™ 
blotnn H , messenger RNA samples from a series of adult rat ns.ues 
il"* 2a . Neural expression of NRG-2 mRNA was observed pr - 
marily in the cerebellum and olfactory bulb; a iranscr.pt _ was also 
detecied in liver. By whole-mount in sHu M-^- " » ^ 
=9 S embryos. NRG-2 mRNA was delected .n the endo thelial Im n 
l( ihe hean. with the highest mRNA levels being found .n 1 the 
atrium and lower levels in the ventricle and outflow tract (Fig. 2b. c). 
This profile is complementary .0 that of NRG-1. which ,s expressed 
a, high levels in the ventricular endothelium and only weakly in the 
. atrial endothelium'. It also differed from NRG-1 in the develop..* 
hindbr,in. where NRG-1 has been identified in rhombomeres 
and 6 're' 7) and NRG-2 was not detected. In the adult rat. 
expression of NRG-2 and NRG-1 mRNA was compared by •« *« 
hvbridization. in the cerebellum. NRC-2 mRNA was deteacd .n 
granule and Purkinje cells (Fig. 2k). whereas NRG-1 was found 
mainlv in Golgi 11 cells'^ (Fig. 2j). Cerebellar granule .e ^ 
express KAB4 mRNA (CU unpublished resulis }. ^K«^b 
pSblc autocrine role for NRG-2. In the hmdbrain, the NRG 
2 mRNA was weakly detectable in the motor |»B^»»1 
(Fig. 2i). compared to a strong NRC-1 «gnal (F.g. 2h . In ti e 
hippocampus, granule cells of the dentate gyrus express NRG 2 
fe). whe^no NRG-1 was ^^^^S) 
cells in the basal forcbra.n that express NRG- 1 n0l 
are only faintly positive for NRG-2 (Fig. 2e). NRG-2 '» RNA ^ " 
deteaed ut xh "hypothalamus'^, which produces the pituwrj 
d ved NRG- 1 known a* GGF (not shown). These profile, uidua e 
du, in the adult brain NRC- 1 and NRG-2 are exprcs.c ■ 1^ 
non-overlapping neural cell populations, suggesting that inc 
ligandshave distinct functional roles. 
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